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DATA REPORT OF SIX FREE-~DRIFTING BUOYS TRACKED
BY THE EOLE SATELLITE IN THE WESTERN NORTH ATLANTIC OCEAN
IN THE AUTUMN OF 1972
by J. W. Usry and J. W. Wallace

Langley Research Center -
SUMMARY

Two free-drifting buoy missions were conducted in the autumn of 1972.
The bucys were tracked by the EQOLE satellite via an active communications
link which also communicated water temperature data at several depths along
the drogue chain. Two buoys were deployed on October 26; buoy 1 drifted for
six days, until October 31, and bucy 2 drifted for ten days, until November L.
Four buoys drifted for 14 days from December 1 to December 1L. The buoys were
deployed in the Continental Shelf waters east of the entrance to Chesapeake Bay.
Trajectory and water temperature data are presented in tabular and graphical
form with a discussion of the accuracy. Also presented are wind speed and
direction at the Chesapeake Light, Oregon Inlet, and EB-Cl environmental data
buoy as determined by the National Weather Service during the times of the
missions.

INTRODUCTION

The application of existing and emerging space technology and capabil-
ities to societal needs and environmental problems is one of the major goals
of NASA for the 1970's., As part of this program the Langley Research Center
has been working with state and other federal agencies in studying the use
of satellites and free-drifting buoy systems for remote measurements of
current, temperature, salinity, sea state and other ocean and air-sesa
interface parameters. These data are needed to develop and validate
ahalytical models which may be used for predicting the general ocean circu-
lation and surface currents, and their transport of mess, heat, and nutrients.

The Chesapeake Bight extending from Delaware Bay to Cape Hatteras
plays: an important role in commerce, fishing, national defense, and
recreation. Adjacent land areas have a large concentration of industry
and people. Energy requirements have focused attention to this area as
a potential o0il source or location for energy production plants. The
problems that have been identified inh this area are typical of those in
other coastal zone areas and include problems associated with locaticon of
offshore ports, power plants, outfalls for sewage dispogal, snd the dis-
persion of undesirable by-products of these facilities. An understanding
of the circulation and physical structure of the shelf wsaters in this region
is vital to the develcpment of analytical models and to a predictive cap-
ability for general use in the coastal. zones.



Historically, there are few measurements, using free-drifting buoys, of
the circulation in this area. Most circulation data were deduced from random
ship drift reports and contain uncertainties due to the difficulties of
locating the ship's position. Only recently have oceanographers used free-
drifting buoy systems %o study kinematical flow properties such as diver-
gence, vorticity, deformation (ref. 1), regional current patterns (ref. 2),
and cireulation patterns.in the cpen ocean {ref. 3). The general surface
cireculation pattern in the Chesapeake Bight is southerly with magnitudes
between 5-20 cm/sec. This trend can be modified, however, by wind conditions
and freshwater runoff from the Delaware and Chesapeake Bays {ref. 4).

5, The purpose of this paper is to present data from two drift buoy missions
conducted in October-November 1972 and December 1972. The duration of the
first mission wes 11 days, from October 26 to November 5, snd the duration of
the second mission was fourteen days, from December 1 to December 1k, The
buoys were identified by numbers 1, 2, 3, and 4. Buoys 1 and 2 were used on
the October-November mission and buoys l-k were used on the December mission.
Histories of the positions of each buoy and water temperatures were cbtained
via satellite. These data are presented in tabular and graphical form without
an analysis. Also presented are estimates of the accuracy of these data.

BUOY DESCRIPTION

~ An artist sketch and photographs of the buoy system are shown as
figures 1{a), 1(b), and 1(c), and a sketch with pertinent dimensions is
shown as figure 2. The system had four mejor components: the floatation
disk, instrument box, connector chain, and drogue plates. The system
flomted so that the top half of the floatation disk was above the water line
and the top of the drogue plates was 5 {or 30) meters below the water line.
The ratio of the drag area of the drogue plates to the drag area of the
floatation disk and instrument box, below the water line, was six to one.
The system mass was 25L kg.

The floatation disk had a diameter of 0.914 m, a maximum thickness at
the center of 0.102 m, and a minimum thickness of 0.064 m at the periphery.
4 lifting bridle, used during deployment and retrieval operations, was attached
o the disk and extended 0.732 m above the disk when in a raised position.
The antenna used in the communications link with the satellite was mounted on
the disk as shown in the photographs.

The instrument box had a length, width, and depth of 0.584, 0.541,
and Q.RBB m, respectively. The box housed the satellite transponder, power
supply, radic beacons, relays, oscillators, and other related electronics.
Three floatation blocks were mounted on the sides and four support legs
were attached to the bottom. An access hatch allowed entry into the
ingtrument compartment for checkcul purposes.

A drogue ponéisting of crossed drag plates was suspended below the
instrument box using a 0.63 cm (1/4 inch) galvanized chain. The chain was
attached to a swivel at the top of the drag plates. Temperature sSensors
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were mounted along the length of the chain as illustrated in figure 1{c).

The chain connections were designed so that different length chains could .
be installed in the field. The drag plates were 1.524 m square. Tie rods kept
the plates at right angles respective to one another and lead ballast mounted
on the plates kept the plates in line with the floatation disk. '

SYSTEMS DESCRIPTION

The Centre National D'Etudes Spatiales (CNES) of France designed and
built the EOLE satellite launched by the NASA at Wallops Island, Virginia
on August 16, 1971, using the NASA Scout Vehicle. The satellite was placed
in & cireular orbit st 800 km with an inclinatien of 50° to the eguator
and & period of 103 minutes. The purpose of the satellite was to cbserve
the movements of a fleet of balloons floating st & constant altitude in the
Southern Hemisphere., The satellite became available for use by other
experimenters upon completion of that mission. The Langley Research Center
proposed using the navigation and dats collection satellite systems to track
free-drifting buoys on the Continental Shelf of the Western North Atlantic and
to measure the ftemperature of the water at selected depths. The EOLE satellite
system is described in reference 5.

A functionsl diagram of the navigation and data collection system used
in the free-drifting buoy program is shown in figure 3, and photographs of some
of the buoy system components are shown as figure 4. 'The CNES developed a
transponder-antenns system for use con free-drifting buoys which accepted four
in situ dats measurements (see fig. 4). The antenna (see fig. 1) was &
cavity-backed spiral which allowed transmission to the satellite at low
elevation angles.

The satellite continuously transmitted on a frequency at L6k MHz. Upon
entering the zone of communications with the buoy, & two-way, phase-coherent
link was established. The measured data were transmitted via the oseillator
frequencies modulated onto a 402 MHz carrier. After transmission to the satel-
lite, these data were stored onboard and later telemetered to ground receiving
stations. The two-way, phase-coherent link allows a precise measurement of
the propagation delay and Doppler shift. With these data, an accurate measure-
ment of time, and the orbital parameters of the smtellite, the buoy position
cen be determined. The CNES has estimated that the position can be determined
with sn sccuracy of 1 to 2 km (ref. 6). The buoy transponder transmission
period is 583 ms but since the satellite interrogates continuously, data will
ve transmitted for several minutes (as long as the satellite is in the field of
trensmission). Thus, nearly continuocus data may be received during one orbit
of the satellite. This provides several data points, both temperature and
position, while the buoy is essentially in one position. From these data the
mean position and temperature for one orbital pass were estimated.

- Each buoy on-both missions carried two radio beacons. These are shown
mounted on the instrument trey in figure 4(c). One of the beacons transmitted
continuously from the time of deployment to recovery. The second beacon could
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be turned on through the communications link with the satellite, if the primary
beacon failed. The beacons were search and rescue radio beacons of the type
used in the Gemini training program, and transmitted on a frequency of 235 Miz.
Wire antennas were located on top of the buoy as shown in figure 1{(c). The
antenna was a quarter-wavelength (at 235 MHz) wire coated with fiberglas

and teflon tape.

Ocean water temperatures were measured using varisble resistance thermis-
tors on all of the bucys on both missions. The: thermistors were designed to
have a rapid and large change in resistance for a relatively small change in
temperature.

Data Presentation and Accuracy

Buoys 1 and 2 were deployed southeast of Wallops Island, Virginia at
approximately 37.3° N, T4.T° W and 8 km apart on October 26 and data were first
received on October 28. Buoy 1, drogued st 30 meters, drifted southwest and
went sground after five days sbout 38 km from the point of deployment. The
buoy was recovered and returned to Langley for repairs and preparation for
redeployment. Buoy 2, drogued at 5 meters, drifted south, then east, intercepted
the Gulf Stresm, and was recovered 380 km east of Cape Charles.

Buoys 1-L weére deployed near Cape Henry about 2 km apart on a west-to-east
line beginning & km from shore. The order of deployment from the shoreline
was b, 1, 2, and 3. Buoys 1, 2, and 4 drifted northeast across the Chesapeake
Bay entrance, reversed direction, drifted back near the point of deployment,
and from this point drifted south. Buoy 3 drifted east sbout 30 km, meandered
briefly, and drifted south. All buoys were recovered near Cape Hatteras.

Histories of the position and temperature data, and wind data from
the National Weasther Service, are listed in Tables I and II. Water temperature
was measured at 5 and 30 meters on buoy 1 and 0 and 5 meters on bugy 2. During
the December mission, water temperatures were measured at a depth of 2 meters
on all buoys. The position data were converted to rectangular coordinates from
a reference point located at latitude 36° N and longitude T6° W where X, in km,
is equal to (76.0 - longitude) times 89.01L4, and ¥, in km, is equal to
{latitude - 36.0) times 110.975. These data are listed in Tables I{a) and
I(b) for the October/Novemher miscion and II{a)} and II{b) for the December
P -
mission. The distance from the reference point, R (R = VXE + Y2) and direction
from north, 8(8 = arctan X/Y), are also listed in these tables. Wind speed and
direction measured by the National Weather Service at the Chesapeake Light
(36.9° N, 75.7° W), Oregon Inlet (35.8° N, 75.5° W), and the enviromnmental
date buoy EB-01 (36.5° N, 73.5° W) are listed in Tables I(c) and II{c). The
convention for wind direction at Chesapeske Light and Oregon Inlet is taken as
the direction from which the wind blows. For buoy EB-0l1 the wind ezimuth is
the angle, from north, from which the wind blows.

Trajectories and histories of the data listed in the tables are presented
graphically in,figures 5-9. The locations of the deployment positions for the
two missions relative to the coastline are shown in figure 5 with histories of
the wind speed and direction at Chesapeske Light, EB-01l, and Oregon Inlet.
Trajectories are plotted in figures 6, and 8. Lines between data points
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are included for clarity and do not necessarily represent the trajectoxry.
Data gaps with less then 10 hours duration usually occurred because of the
orbit of the satellite and gaps with larger time intervals usually occurred
due to the loss of data.

Accuracy

The accuracy of the position and temperature data is dependent upon
several error sources associated with orbital parameters, event timing,
instrument and electrical components on the buey and on the satellite, and
data handling. Specific error sources contributing to uncertainties in the
position data are discussed in references 6 and 7. Tests to determine the
accuracy of the position data were conducted after completion of the missions
reported here and after buoys 3 and L were lost during another experiment. For
this paper, the accuracy of the position data was estimated by locating buoys 1
and 2 and two additional buoys, 5 and 6, at a known point (latitude and longi--
tude} at Langley and having the satellite interrogate the buoys for several
days. Similarly, bucy 1 was placed in a controlled temperature envircnment
and interrogeted to determine the accuracy of the temperature data.

The satellite interrogates the buoys continucusly so that several position
points are obtaiged during one pass. The average of these positions is
assumed to be the best location for the pass. These data are plotted in
figure 10 as the difference (d) in the actual location and the average
location, as determined by the satellite versus the angle {Y) between lines
from the Earth's eenter to the buoy and to the point on the satellite ground
track which is the point of closest approach to the buoy. Buoys 1, 2, 5, and
6 were interrogated for 5.5, 7, T, and L days, and 27, 34, er, and 17 location
points were obtained, respectively.

From these data the standard deviation in AX and AY and a 50 percent
gircular probable error (CPE) were estimated. These data are shown in figure 1l.
It is apparent that a systematic error in the order of 1 to 1.5 km exists for
buoys 1, 2, and 5. The error is larger for'buoy 6, probably because of the
scarcity of points. Also, it appears that the random error (CPE) is buoy
dependent &s might be expected (ref. 6 makes this point also) and is 1.k,
1.7, 2.3, and 1.6 km, respectively, for buoys 1, 2, 5, and 6.

The accuracy of the temperature data was buoy dependent since the
sensors (thermistor-cscillator combination) were unigue to each buoy, but
errors associated with the satellite and data handling were common to
g1l bucys. ©Since the buoys were usually deployed in close proximity to
one another during & mission and cross checks were possible, only buoy 1
was used in the test to ascertain the accuracy of the temperature data.

Each buoy carried four sensors or four data channels. In some cases the
sensors were calibrated to measure different temperature ranges and in
others the measurements were redundant. The thermistors were designed to
operate below T5° C and to be accurate to $0.1° C over a range from 0° €

to 70° C. The dats in Table IIT indicate that the uncertainty due to all
errors was probably ¥0.3° €. Additional interrogations would have provided
a better estimate of this uncertainty. ‘
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CONCLUDING REMARKS

Two free-drifting buoy missions were conducted in the autumn of
1972 in the Western North Atlantic Ocean and primarily in the Continental
Shelf waters between Cape Charles and Cape Hatteras. Two buoys drifted for
11 dsys, from October 26 to November 5, and four buoys drifted for 14 days,
from December 1 to December 1. Trajectory data and water temperature along
the trajectory were obtained using the French EOLE satellite. These data
have been presented in tabular and graphical form with 2 discussion of
the asccuracy. :
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TABLE I.~ LIST OF DATA, OCT.-NOV. 1972

(a) Buoy 1
Time Elapsed Lat., Long., T,5m 7,30m X, Y, R, Azimuth,
North West g
Mo/Dsy/Hr time, hr deg. deg. °c °c km ¥m km deg.
102806 0.0 37.15 7T4.78 1L4.8 1k.2 108.2 127.5 167J2" Lo.3
102808 1.8 37.2% 74,79 14,8 1k,1 10B.1 126.8 166.6 Lo.u
102809 35 - % ¥ 14.8 1h.3 ® * * *
102811 5.3 . 37.12 T4.B2 1k.9 1k.2 10k.9 12L.T 163.0 Lo.1
102900 18.2 37.13 TL.83 * » 104.1 126.0 163.4 39.6
102902 19.9 37.12 TL.84 15,3 14,3 103.6 12L.5 162.0 39.8
102904 21,7 37.12 Th.84  1s.Lh 1k.3 103.6 12h.5 162.0 39.8
102905 23.5 37.11 7h.8h  35.3 1Lk.2  103.0 123.4 160.7 39.8
102907 25.3 37.10 T4.85 15.5 1L.3  102.2 122.Lk 159.5 39.9
102909 27.0 ¥ * 15.4 1k.2 * * * *
102911 28.8 37.08 7Th.88 15.3 1bk.g2 99.7 120.2 156.2 39.7
103007 L8.7 37.06 Th.93 16.0 1k.7 95.6 117.7 151.7 39.1
103008 50.5 37.07 Th.91 15.7 1k.7 97.0 119.i 153.6 39.2
103010 52,2 37.03 T4.9%  15.5 1k.¥ 93.9 114.0 147.7 35.5
103102 £8.5 36.92  TL.92 * » 95.8 102.1 1k0.0 43.2
103106 72.2 36.87 Th.94 15,k 14.8 ok.4 97.0 135.3 LL,2
103108 73.9 36.88 Th.94 15,3 1kh.7 ok.5  37.4% 135.8 bh .1
103110 75.7 - 36.84 TL.97 15.3 15.2 91.9  93.k 131.0 Ly, 5
»
No data.



_TABLE I.- LIST OF DATA, OCT.-NOV, 1972 - Continued

(o) Buoy 2
Time Flapsed Lat., Long., T,0m T,5m X, X, R, Azimuth,
_ North West : )
Mo/Day/ﬁ;d Time, hr deg. deg. °c °¢ km . km km deg.
102805 0.0 37.00 Th.66  16.3 * 119.5 111.h 163.4 k7.0
102808 1.8 36.99 Th.64  16.2 * 121.1 109.4% 163.2 47.9
102811 5.3 36.95 Th.63  16.2 * 121.8 105.8 161.3 L9.0
102900 18.2 3¢6.82 Th.58 16.5 16.9 126.8 90.6 155.9 54.5
102902 19.9 36.78 T4.48 16.5 16.6 135.0 86.7 160.5 57.3
102904 -+ 21,7 36.78 TL.48  16.5 17.h 135.0 86.T 160.5 57.3
102905 23.5 36,73 7TL.48 16.6 18,5 13h.9 B1.6 157.7 58.8
102907 25.3 36.71. 7T4.50 16.6 16.9 133.8 78.7 155.2 59.5
102911 28.8 . 36.63 TL.53 16.6 16.5 131.1 69.8 148.5 62.0
103007 L8.8 36.32 TL.46  1T7.4  17.3 137.4  35.6 1k2.0  T5.5
103008 50.5 36,32 Th4.44%  17.6 1T7.6 138.5 35.0 1k2.8 75.8
103010 52.2 36.26 Th.ho 17.7 17.6 13h.9 29.0 137.9 7.9
103106 2.2 36.19 Ts.32 17.0 17.h 1kg.7 20.9 151.2 B2.1
103108 73.9 36.22 Th.29 17.1 18.2 152.6 24.5 15h.5 80.9
103110 75.7 36.21 74.28  17.7 18.3 153.1 23.3 15k.9 81.3
110106 95.6 36.40 73.93 17.9 .17.9 18k.2 Lk.7 189.5 - 76.%
110107 97.4 36.43 T73.91  17.7 17.9 186.2 L7.6 192.2  75.7
110109 99.1 36.4b2 Th.02 - 17.9 17.9 175.8 kr.2 182.0 75.0
110200 113.8 36.58 T73.61 1B.8 18.7 212.5 6L.6 222.1 3.1
110201 115.5 36.62 T73.59 18.7 18.6 21k.5 69.1 225.4 T2.1
110203 117.3 36,61 T3.54 18.5 ,18.5 219.2 67.8 229.4 72.8
110205 119.1 36.63 7T3.50 20.5 19.1 222.4 T70.0 233.2 T2.5
110207 120.9 36.67 T3.46 19.5 19.1 226.4 Th.0 238.2 T1.9
110209 122.6 36.66 T3.45 19.0 18.8 226.7 73.2 238.3 T2.1
110304 1%2.5 36.85 72.86 19.2 19.2 279.2 9h.1 29k, 7T T1.b
110308 1h6.1 36.85 T2.75 19.1 19.1 289.1 93.9 3040 T2.0
110323 160.7 36.96 72.07 19.4 19.5 350.0 106.3 365.8 T73.1
110k00 162.4 37.01 T1.99 19.6 19.6 358.9 112.5 37Th.3 T2.5
110402 164.2 37.03 T1.88 19.6 19.5 366.3 113.7 383.5 T2.7
110k0% 166.0 37.06 Ti.81 19.5 19.5 373.4 117.2 391.% T72.6
110404 167.8 37.10 T1.75 19.4 19.3 378.5 121.7 397.6 T2.2
110L0T ' 169.5 37.12 71.72 19.4  19.% 381.1 123.8 Loo.7 T72.0
110409 171.3 37.16 T1.65 * 387.4 128.7 L408.2 TL.6

»
‘ Eo date.



TABLE I.- LIST OF DATA, OCT.-NOV. 1972 - Continued

(¢) Wind Data

Time Chesapeake Light Oregon Inlet . EB-01

Mo/Day/Hr Direction Speed Direction Speed Azimuth Speed
kts kts deg kts

102803 ENE 10 NE 15 *

102806 SE 10 NE 15

102809 E 20 NE 18

102812 SE 10 NE 15

102815 SE 26 SV 12

102818 SE 12 SW 15

102821.. SE 16 SSW 10

102900 W 10 NE 10

102903 W 10 SW 12

102906 NW 10 Calm

102909 W 10 SW 5

102912 SW 10 Calm

102915 SW B Calm

102918 WSW h SW 5

102921 Calm Calm

103000 WSW 2 Calm

103003 nw 20 Calmn

103006 NNW 26 NE 10

103009 NNW 20 NE 15

103012 NNW 20 NE 18

103015 NIW 16 NE 18

103018 N i2 NE 20

103021 NE .5 NE 20

103100 N 8 NE 15

103103 NE 8 NE 15

103106 NNE 10 NE 15

103109 NNE 10 NE 15

103112 NNE 10 NE 15

103115 N 10 NE 18

103118 N - 8 ERE 20 8 8

103121 NRE 1 NE 20 g 13

#*

o data.
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TABLE I.- LIST OF DATA, OCT.-NOV. 1972 ~ Concluded

- Time

Mo/Day/Hr

110100
110103
110106
110109
110112
110115
110118
110121
110200
110203
110206
110209
110212
110215
110218
110221
110300
110303
110306
1310309
110312
110315 -
110318
110321
110400
110403
110Lk06
110409
1wok12
110415
110418
110k21
110500
110503

»
No data.

Direction

NE

NNE |

NE
NNE

NNE

NNE

Wind Data.- Concluded

Chesapenke Light

Speed
"kts

e
O EmON gD

Oregon Inlet

Direction

NE
NE
NE
NE
NE
NE
NE
NE
NE
Calm
Calm
Calm
Calm
SW

W

SwW
SW
SW
SW
5W
8w
oW
5W
BW
ow
Calm
SW
SW-
oW
sW
SW
SW
SW
NE

Speed
kts

20
12
10
16
15
15
10
15
15

EB-OL

Azimuth

deg

2k
31
»

29
28

29

29

13
36
5k
g2
169

199

184
163
2Lt

76
233
237

- 2he

2Ly
239
ol
248
255
59
65
7T
53
66
90
257
5T
303

Speed

kts

12

11
*

8.

8
10
i3

9

T

6 B

10
1k
19

20
10

T
2

18
23
27
36
34
38
43
25
32

6
12
38
28
Ly
11
30
14

13



TABLE IT.- LIST OF DATA, DEC. 1972

{a) Buoy 1
Time, - Elapsed Lat. Long. T,2m X, Y, R, Azimuth
North West G|
Mo/Day/Hr Time, hr deg. deg. °c km km km deg.
120116 o 36.86 75.86 10.3 12.4  95.0  95.8 T4
120118 1.7 36.8% T75.84 10.2 13.9 92.9 93.9 8.5
120120 3.5 36.80 75.87 10.2 11.2 8.2 8.9 7.2
120122 5.3 36.80 75.87 10.3 11.2 89.2 89.9 7.2
120212 ~19.9 36.89  715.79 9.6 18.6 $8.9  100.6 10.7
12021k 2117 36.90  T5.75 9.7 21.9 99.4 101.8 2.4
120216 23.4 36.92  T5.73 9.7 23.8 102.7 105.k 13.0
120218 25.8 36.93  T75.69 9.9 27.1 103.3 106. 1.7
120219 27.0 36.94  75.68 9.9 28.6 10k.5 108.k 15.3
120221 29.0 36.90 75.73 10.1 2b.1 99.9  102.7 13.6
120319 50.5 37.07 75.61 10.3 34.4  119.2 12h.1 16.1
120322 54.0 37.09  75.64  10.1  31.7 120.6 12L.T 1k.7
12011 66.8 37.09 75.65 10.1 31.1 121.3 125.2 1h. b
120416 TO. 4 37.16 75.61 10.2 343 125.3 129.9 15.3
120417 72.1 37.16 75.53 10.3 k2.2 129.,2 - 135.9 18.1
120418 73.9 37.12  75.60 0.2 . 35.5 12k,2}  129.1 16.0
120420 75,7 37.15 75.58 10.k  37.5 127.4  132.8 16.4
120422 T Y 37.10 75.63 10.6 32,7 122.1 126.% 15.0
120511 90.3 37.0L  75.66 " 30.5  115.7 119.7 14.8
120516 95.6  3T.04 75.66 0.6 30. 115.9  119.8 14.7
120518 g7.4  37.0 75.66 10.8 30.7 115.5 119.5 14.9
120521 100.9 37.0h  T5.67 ® 29.4  11hk.9 118.6 14,3
120614 117.3 37.09  T6.66 10.7 30.1 ' 120.h 12h.1 14.0
)
No data.
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TABLE IT.- LIST OF DATA, DEC. 1972 ~ Continued

(a) . Buoy 1 - Concluded

Time Elapsed Lat. Long. T,2m X, Y, R, Azimuath
North West 8

Mo/Dey /Hr Time, hr deg deg ec km km km deg’
120616 - 119.1 37.08 76.65 .10.7 31.5 120.1 12k.1 1h.7
120617 120.8 37.08  76.64% 10.8 32.0 120.1 12L4.,3 Ih.9
120619 122.6 37.08 75.64 10.8 31.8 119.7 123.9 ik.g9
120717 14h.3 36.94  75.70 10.8 26.6 10hk.2 107.6 4.3
120720 147.8 36.80 T75.74 10.8 22.9 99.1 101.7 13.0
120811 = 162,5 36.87 75.82 10.6 16.1 96.3 97.7 9.5
120813 164 .2 36,80 75.84 10.6 1h.2 99.1 100.1 8.2
120814 166.0 36.89 75.8% 10.8 1k.2 98.3 98.3 8.2
120816 167.8 36.80 75.87 10.8 11.8 98.7 99.4 6.8
120818  169.5 36.87 75.88 10.8 10.4  96.3  96.9 6.2
120820 171.3 36.87 75.88 10.9 10.4 96.3 96.9 6.2
120822 173.0 36.87 75.87 * 11.8 96.7 97.k4 7.0
120910 185.9 36.8 75.83 10.5 15.2 95.2 96.4 9.1
120914 189. 4 36.87 75.83 10.5 15.1 96.3 97.5 8.9
121013 212.9 36.88 75.75 11.0 22.3 97.8. 100.3 12.8
121020 220.0 36.9C 75,78 * 19.9 100.0 101.9 11.2
121212 259.8 36.57 75.78 10.4 19.1 63.7 66.5 16.7
121214 261.6 36.56 75.79 * 19.0 61.8 64,7 17.1 .
121219 266.9 . 36.48 75.78 * 19.2 £3.8 57.2 19.7
121308 280.0 36.25 75.7L 10.2  25.5 27.3 37.3 L3.0
121310 281.5 38.21 75.68 10.3 28.0 23.5 36.6 50.0
121413 308.5 35.26 T75.26 16.1 72.8 -82.0 109.7 138.4
" .

No data.
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TABLE IT.- LIST OF DATA, DEC. 1972 - Continued

{p) Buoy 2
Time Elapsed Lat. Long. T.2m X, Y, R, Azimuth,
North  West 6
Mo/Day/Hr  Time, hr deg. deg. °c km km km deg.
120117 0.0 36.87  75.83 10.7 15.0 96.2 97 .4 8.9
120118 1.8 36.85 75.82 10.7 16.0 9h.2 95.6 9.7
120120 4.5 36.82 75.85 10.6 13.6 90.6 91.6 8.6
120122 5,3 36.82  75.85 10.6 13.6 90. 91.6 8.6
120212 19.9 36.89 75.74 10.6 23.3 99.0 101.7 13.3
120214 21.7 36.90  75.71 10.5 26.0 99.5 102.9 14.6
120216 23.5 36.92 75.68 10.4 28.1 101.9 105.7 15.h
120218 25.2 36.92 T75.67 10.4 29.8 102.3 106.6 16.2
120220 27.0 36.93 75.65 10.5 31.2 103.3 107.9 16.8
120221 28.8 36.90 T75.70 10.5 26.8 99.7 103.2 15.0
120319 50.5 37.0k  75.60 10.5 35.8 115.0 102.k% 17.3
120322 54,0 37.05 75.63 10.2 33.1 116.4 121.0 15.9
120h11 66.8 37.05 75.66 10.2 30.h 117.% 121.3 1k.5
120415 T0. 4 37.08 75.63 10.6 32.9 119.5 12L.0 15.4
120417 T2.1 37.07 75.62 10.5 - 33.6 118.7 123.X% 15.8
120418 73.9 37.07 75.63 10.3 33.4 118.5 123.1 15.7
120420 T5.7 37.09  75.61 10.3 3L.4 121.0 125.8 15.9
120422 T7.4 37.06  75.66  18.3  30.7 1i7.k  121.4 1k.7
120511 90.3 37.01  75.66 10.6 28.7 112.0 115.6 1b.k
120516 95.6 37.01 75.68 10.6 28.8 111.8 115.h 1h.5
120618 97.4 37.00  75.67 10.5 29.1 111.3 115.1 1k.7
120621 '100.9 37.00 75.68 10.6 28.4 111.0 114.6 1h.h
120614 117.3 37.05  T715.68 10.6 28.2 116.4 119.8 13.6

1L



TABLE I1I.- LIST OF DATA, DEC. 1972 - Continued-:

(b) Buoy 2 - Concluded

Time Elapsed Lat. Long. T,2m X, Y, R, Azimuth,
North  West 6
Mo/Day/Hr Time, hr  deg. deg. ec km km km deg.
120614 119.1 37.04% 75,07 10.5 29.L  115.9 119.5 k.2
120617 "120.8 37.04 T75.€6 10.5  30.0 115.7 119.6 14,5
120619 1122.6 37.05  75.67 10.6 29.8 116.2 120.0 1L}
120621  124.3 37.05 T75.67 10.6 29.8 116.2 120.0 1h.y
120715 T1bz,5 36.94%  75.72  10.7 25.0 10L,0  106.9 13.5
120717 1hkh.3 36.90 75.74  10.7 22.9 100.2 102.8 12.9
120719 1k6.1 36.85 -75.78 10.8 1g9.2 gk, 8 96.7 11.5
120720 147.8 36.85 75.78 10.8 19.2 94,8 96,7 11.5
120811 163.0 36.79 75.84  10.8 14L4.6 B8.1 89.3 9.4
120812 16L4.3 36.81  75.85 1l.2  13.7 89.7 90.7 8.7
- 120814 166.0 36.79  75.84  10.8 13,9 88.0 89.1 3.0
120816 167.8 36.78  75.85 10.8 13.1 8T7.C 88.0 8.6
120818 169.5 36.78  75.88 10.8 10.9 83.9 84.6 7.k
120820 171.3 36.76  75.88 10.8 10,9 83.9 8h.6 7.4
120821 173.0 36.77 75.88 # 12.0 8L.9 85.7 8.1
120910 185.9 36.74  75.8Y 10.9 11.8 81.9 §2.8 8.2
120921 196.5 36.75  T75.88 11.2  11.0 83.1 83.8 7.6
121013 212.9 36.73  T75.81 11.2 17.1 Bo.7 . 82.5 12.0
121020 220.,0 36.7h  75.81 * 16.6 82.6 84.2 11.3
121212 254.8 36.14  75.67 11.0 29.8  15.9  33.8 62.0
121214 261.6 36.09  75.67 * 29,4 - 10.2 31.1 70.8
121219 266.9 36.00 T75.62 11.0 33.6 -4 33.6 90.8
121413 308.6 36.k3  75.37 11.8 56,2 -63.7 8h4.9 138.6
121417 312.1 35.L5  75.32 15,0 60.2 -61.5 86.0 135.6
121418 314.0 35.64  75.34F  12.5 59,1  -39.7 71.2 123.9
#*
No datas.

15



TABLE II.- LIST OF DATA, DEC. 1972 - Continued

(c) Buoy 3
Time Elapsed Lat. Long. T,2m X, Y, R, Azimuth,
. North VWest ' : 8
Mo/Dey/Hr Time, hr deg. deg. °c ¥m km km deg.

120117 0.0 36.86 75.80 10.9 17.6 95.2 96.8 10.5
120118 1.7 36.84%  75.79 11.1  18.8 93.1 95.0 11.k
120120 3.5 36.82 T75.80 10.8 17.5 91.3 93.0 10.9
1g0122 5.3 36.82 7s5.80 11.1 17.5 91.3 93.0 10.9
120200 7.0 36.90 75.81 11.0 16.7 99.5 100.9 9.5
120212 19.9 36.67 T75.88 1i.1 28.5 96.8 100.9 16.4
120214 21.6 36.88 T75.65 11.1 31.0 97.3 102.1 17.7
120216 23.5 36.67 75.61 10.8 3L.3 96.4  102.3 19.6
120218 5.2 36.86 75.60 11.3 35.3 95.9  102.2 20.2
120220 27.0, 36.87 75.60 11.1 35.7  96.7 103.0 20.3
120221 28.7 36.86 75.63 1l.2 33.2 95.0 100.6 19.3
120319 50.5 36.92  75.47 11.3 k7.1 1l02.7 112.9 2h.6
120322 53.9 . 36.93  75.49 11,3 hks.2  103.7 113.1 23.6
120411 66.8 36.93 75.53 1l.1 2.2 102.9 111.2 22.3
120416 70. 4 36,94  75.50 11.3 4h.7  10k.2  113.%4 23.2
120417 72.1 36.93  T5.49 11.3 45.3  103.3 112.8 23.7
120418 73.9 36,92 T75.50 1i.4  Lb,g 102.2 111.6 23.7
120420 75.7 36.93  75.50 11.3 44,3 102.9 " 112.0 23.3
120k22 77.4 36.91  75.52 11.3 k2.3  101.5 110.0 22.6
120511 $0.3 36.86 T75.55 *  ho.2 gk,9  103.1 23.0
120516 95,6 35,83 75.53 11.5 k1.6 92.4  101.b 24,2
120518 97. 4 36.83  T75.54 11.8 41.1 91.7 100.5 24,2
120521 100.9 36.82  75.56 12.1  39.5 90.6 98.8 23.6
120614 117.3 36.81  T75.57 1i.7  38.7 89.9 97.9 23.2
120616 119.0 36.81 75.55 11.9 k0.0 89.4 $8.0 2h.1
120617 120.8 36.80 75.54 11.9 k0.8 . 89.2 98.1 24 .6
120619 122.6 36,80  75.55 12.0 40,0 88.3 97.0 24,3
120621 124.3 36.80 75.55 12.0 40.0 88.3 97.0 24,3
120713 140.7 36.65 T75.53 * 41.5 71.9 83.0 30.0
120715 142.5 36.61 T75.5% 11.8 Lo.9 67.9 79.3 31.1

*

No dsata.
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TABLE TI.- LIST OF DATA, DEC. 1972 - Continued

(e) Buoy 3 - Concluded

Time Elapsed Lat. Long. T,2m X, T, R, Azimuth,
North West 8
Mo/Day/Hr Time, hr deg. deg. °¢ km km km deg
120717 144.3 36.55 75.54  11.7 Lo.8 64.1 76.0 32.4
120719 146.0 36.53 75.56 11.7 39.2 58.3 70.2 33.9
120720 1%7.8 36.53  T75.56 13.2 39.2 58.3 70.2 33.9
120811 162.4 36.4%  75.57 11,7 37.9 49.3 62.2 37.6
120813 164.3 36.44  75.57  11.9  38.1 L8. 4 61.6 38.2
120814 166.0 36.43  75.87 11.9 38.2 47. 4 60.9 38.9
120816 167.8 36.41  75.57 12,0 37.9 k5.7  59.h4 39.7
120818 169.5 36.38 75.59 11,8 3618 ha.s5 56.2 4o.9
120820 171.3 36.38 75.59 12.0 36.8 Lo.5 56.2 40.9
120910 185.9 36.31  T75.56 12.1 39.3 34.6 52,4 L8, 7
12091k 189.5 36.30  75.55 12,1  40.3 33.3 . 52.3 50.5
120921 196.5 36.30 75.57 * 38.5 33.1 50.7 4g.3
121013 212.9 36.24 75.52 12.0 43,1 27.2 50.9 57.7
121020 220,0 36.24 T5.51 # Lh.o 26.9 51.5 58.6
121212 259.8 35.82 T75.48 12.3 . 48.2 -20.2 52.3 112.7
121219 266.9 35.77  T75.46 12,5 47.7 -26.1 5h.h 118.7
121308 279.8 35.62  75.41 12,4 52,7 .41.7 67.2 128.4
121310 281.5 35.69  75.38 12.2 s5hk.g _45.1 71.0 129.4
121312 283.3 35.57 75.38 12.5 6.9 -L8.3 4.6 130.3
121314 285.0 35.54 - 75.36 12.3 57.1 -51.6 7.0 132.1
121315 286.8 35.52  75.3T 12.4 56,3 -53.,8 7.9 133.7
121319 290.3 35.51  75.38 12.4 55,5 .sk,5 T7.7 134.5
121k13 308.5 35.46 75.32 12.6 60.9 -60.0 85.5 13k.6
121417 312.1 35.43  75.33 13.2 59.5 -62.7 86, 136.5
E
No data,
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TABLE II.~ LIST QF DATA, DEC., 1972 - Centinued

(d) Buoy 4
Time Elapsed Lat. Long. T,2m X, X, R, Azimuath,
North West 9
Mo/Day/Hr Time, hr deg. deg. °c km km km deg.
120117 0.0 36.86 75.89 - 10.6 10,1 95.4 96.0 6.1
120118 1.7 36.88 75,88 10.3 11.0 g2.9 93.5 6.8
120120 3.5 36.80 75.91 10.1 8.3 88.7 89.1 5.3
120122 5.3 36.80 T75.91 9.9 8.3 88.7 8g.1 5.3
120212 19.9 36.86 T75.84 .5 13.9 95.5 96.6 8.3
120214 21.6 36.86 75.81 9.5 17.2 95 .4 97.0 10.2
120216 23.5¢ 36.87 T5.78 9.6 19.2 97.0 98.9 11.2
120218 25.2 36.87 75.76 9.8 21.2 96.5 98.8. 12.4
120220 27.0 36.86 T75.75 9.8 22.1 95.9 98,4 13.0
120318 50.5 36.98 T75.67 10.2 2.0 108.8 112.6 1h.9
120322 53.9 36.98 7s5.69 10.2 27.7 108.8 112.2 14.3
120415 70.4 37.01 75.7k 9.6 23.3 112.2 11k.6 11.7
120417 72.1 37.01  75.73 9.9 24,3 111.9 11k.s 12.3
120418 73.9 37.00 75.72 10.0 24,6 111.3 11k,0 12.h
120420 75.7 37.03 75.50 10.1 26.3 11k.2 117.2 13.0
120422 77.4 36.99 75.74 10.2 22.8 110.3 © 112.6 11.7
120511 90,3 36.96 75.78 10.2 . 19.8 107.0 108.8 10.5
120516 95.6 36.98 T75.79 10.5 18.6 109.0 110.6 9.7
120518 97.4 36.98 T75.78 10.6 19.7 108.5 110.3 10.3
120521 100.8 36.98 75.77 10.0 20.3  108.4%  110.3 10.6
120614 117.3 37.05 5.7 10.5 21.9 116.7 118.8 10.6
120616 119.0 37.04 75.74 10.6 22.8 115.9 118.1 11.1
120617 120.8 37.04 75.73 10.8 2hk.1 115.6 118.1 11.8
120619 122.6 37.05 75.74+ 10.8 23.1 116.6 118.9 11.2

18



Time
Mo /Day /Hr

120621
120713
120715
120717
120719
120720

120811
120813
120814
120816
120818
120820

120910
12091k
120921
121013
~121212
121219

121308
121310
121312
12131k
121316
121319
121413
121417

Elapsed
Time, hr

12L,
140.
142,
Lhk,
1L6.
147%.

162.
16L.
166.
167.
169.
171.

185,
189.
196.
212.
259.
266.

279.
281.
283.
285.
286.
290.
308.
312,

W Qw4+ Q= Wwn oW

O oW o O CONO VTN ND

Buoy 4 - Concluded

Lon
Wes

g.
t

deg.

75
.76
<77
.78
.81
.81

T,2m

°c

ol T Rl e
ODOOHOO
RV RVl e I RV

10.4
10.8
10.8
10.8
11.1

10.6
10.4
11.0
10.2
10.8
11.0

10.9
10.9
11.0
11.1
11.3
11.5
11.5%
1h.5

X,

TABLE II.- LIST OF DATA, DEC. 1972 -

km

23.
21.
20.
19.
17.
17.

11,
11,
10.

11.
11.

1k,
2k,
27.

Lh,
LT,
48,
hg.
L9,
L9,
51.
60.

W e

—~N 1w\

O P EN D

H RO

Continued
Y, R,
km km

116.6 118

110.4 112

107.0 108

04,2 105
98.9 100
98.9 100
96,2 96
97.4 98
97.1 97
97.1 97
9L.1 9k
gh.a gl
91.3 92
92.7 93
ok.1 9k
87.1 88
22.6 33.

9.7 29.

-22.6 Lg

-27.4 5L

-30.1 56

-34.3 60

-37.2 61

=41.1 64

-57.0 76

-61.9 86

FEOGNR WD

Www Mo

™MW ONM N0 ]

Azimuth,
.87
deg.
11.
11.
10,
10.
9.
9.

= o O G
W~ O

v O~ O

Q=31 w3
Ok OvOnw ©

=
N H =
o =3

121.
12k,
126.
129,
137.
135.

O D NOND QNG O
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TABLE II.- LIST OF DATA, DEC. 1972 - Continued

Time,

Mo/Dey /Hr Direction
120118 SW
120121 SW
1120200 SW
120203 SSW
120206 SW
120209 SW
120212 *
120215 W
120218 W
120221 SE
© 120300 SE
120303 S
120306 s
120309 5
120312 SEW
120315 SEW
120318 SSW
120321 S
120400 SW
120403 SW
120406 SW
120409 S8W
120812 SSE
120L15 *
120418 SE
12042) SE
- 120500 SE
120503 3
120506 S
120509 SSW
120512 SSW
120515 g
120518 SSE
120521 SSE
120600 SE
120603 SE
120606 SSE
120609 SSE
120612 S8
120615 SSE
120618 SE
120621 SSE

*
No data.

{e)

{hesapeake Light

Speed
kts

16
20
20
22
22
20

*

T

6
10
10
12
15
18
12
18
16
10

2
10

15

Wind Data

Oregon Inlet

Direction

W
NW
W
W
NW
Nw

*®
NW
SW
oW
SW
8W
BW
oW
5W
8w
SW
Sw
SW
SW
5W
SwW

s]
*

#*

SW .
SW
SW
SW
SW
SW
SW
Sw
SW
SW
SW
SW
»*
SSE
SW
SSW
SW

Speed
kts

20
15
10
1k
16
16

*»

11
10
10
10
11
11
11
15
15

15

EB-01

Azimuth
deg.

263
256
226
219
251
233
275
272
311
21k
198
213
231
223
221
225
224
242
242
280
288
45
g6
88
145
179
241
271
250
280
292
164
197
1Th
166
167
170
143
164
164
161
170

Srpeed
kts

25
20
21
20
22
2l
15

T

3

6
1l
11
16
20
19
18
19
15

7

>

!"'

6
10

Y
11
19
12
10
10
11

6
11
10
15
18
22
23
28
35
3L
37
38



TABLE II.- LIST OF DATA, DEC. 1972 -~ Continued

(e) Wind Data - Continued

-

Chesapesake LIght Oregon Inlet EB-0O1
Time, _
Mo/Day/Br Direction  BSpeed Direction Speed Azimuth - Speed
kts kts deg . kts
120700 5 12 SW 18 239 28
120703 SW 13 sw 15 273 23
120706 NW 30 sSwW 15 315 26
120709 NW 30 NE 25 346 28
120712 NNW - 28 NE 25 6 27
120715 NNW 26 NE 25 3 2L
120718 NNW 18 NE 25 11 21
120721 NNE 18 NE 25 20 18
120800 NE 18 NE 20 31 13
120803 N 20 NE 20 2 14
120806 NE 16 NE 10 113 8
120809 NNE 10 NE 15 112 13
120812 ‘ NNE 10 NE 15 119 13
120815 N 10 NE 10 140 16
120818 WNW 7 SW 10 150 16
120821 SE 13 SE 10 153 21
120900 ‘SE 22 SE 10 163 21
120903 SSE 16 SE 12 160 27
120906 NW 8 SE 15 187 27
120909 W 10 SW 10 201 26
120912 S 10 SW 15 211 24
120915 SswW 10 SW 10 217 27
120918 S 18 SW 15 218 e
120921 S8W 1k SW 15 218 19
121000 SSW 1h SW 15 229 20
121003 S8W 7 SW 15 226 18
121006 SE 6 SW 15 203 19
121009 SW 6 S8y 12 230 21
121012 S 10 SW 15 231 20
121015 8 15 Sw 18 201 2l
121018 8 22 sw 15 214 27
121021 SW 14 SW 15 222 25
121100 SW 14 SW 16 231 18
121103 SsW 10 SW 15 242 23
121106 W 17 SW 15 317 15
121109 NNW 20 SW 15 354 oL
121112 NNW 22 NE 18 349 19
121115 N 20 NE 20. 1 T
121118 NNW 10 NE 20 346 17
121121 N 11 NE 20 2 12

21



22

Time,
Mo/Day /Hr

121200
121203

121206
121209

121212
121215
121218
121221
121300
121303
121306
121309
121312
121315
121318
121321
121400
121403
1214 06
1214 09
1214 12
1214 15
121418
121k 21

»*

Fo dat

TABLE II.- LIST OF DATA, DEC. 1972 - Concluded

() Wind Data - Concluded

Chesapeake Light

Direction

-
vk e

KNE
NNE
WNE

NNE,

NE

NNE
NNE
S3wW

S5W

sW

SW

NNE
NNE
NNE
NNE
NNW
NNW

Speed
kts

10
10
10
10
20
20
13
13
10
10

8
10
i2
15
io
10
1k
22
10
20
20
16
16
17

Oregdn Inlet

Direction

NE
NE
NE
NE
NE
NNE
NNE
NE
NE
NE
NE
NE
NE
NE
W
SW

SW
*

*
*
"

NE
NE
NE

Speed
kts

20
20
20
20
20
15
15
22
20

>
10

2

5

p

EB-01

- Azimuth
deg

1k
25
25
64
118
137
156
162
219
218
206
218
260
242
286
354
9
23
39
95
Ly

20
®

*

Speed
kts

11
15
15
11
14
1T
20
25
19
24
26
26
25
20
1k
1k
17
15
12
15
13

22
#*

*



TABLE II1 - TEMPERATURE DATA ACCURACY

Channel Actual Measured ATemperature
Number Temperature, °C Temperature, °C {error), °C
#1 10,009 10.162 +.153

10.024 +.015
10,162 +.153
10.162 +.153
10.302 +.293
10.024 +.015
10.302 +.293
#2 12,007 12,001 _ -.00¢
11,881 -. 128
11.998 -.008
11.864 -.143
11.998 -.008
12.116 +.109
12,130 +.123
11,998 -.008
#3 21.977 21.910 -.067
21.800 -.177
21.907 ~.070
21.907 : -.070
21.907 | -.070
22,013 1 =-.036
21.807 -.170
#4 13.953 13.774 ~-.179
13.889 -.064
13,774 -.179
14,002 +.049
13.889 ~. 064
14.002 +.049
13.889 -.064
14.002 +.049

23









B
sahenns




e g 1k

P51

e g |

2 Antennas. S 732
305 16 1 T~ MR T
R ( k13
.279
L l
L]
06 102
B a7k
t
Flotation hleeks (3
.356 % L0B9 X 478 83
Acewnss hatohny
g' 584 deep
Support legs (k)—/ o 5l 1
L03B dia 076 1%,
5 ( or 30) meter chain
e —~
Stiffanars
Ll /A
| st ni
Laxd hallast
P /7[
4 N\ 4 A
| 1 | 1.52k
A / A\ /
~_ ~ -
E ==
N . ! VAR
e e 52

Figure 2.- Skatch of the buoy system. (A1l dimensions in maters.)



[ orsTANcE |
MEASURE
VHF DOPPLER SCIENTIFIC || TELEMETER
RECEIVER MEASURE MEMORY || TRANSMITTER
[ 8U0Y DATA|
DECODER
4
DIPLEXER TIMER DIPLEXER A
3
. 148 136
e VHF PROGRAM COMMAND | | Mhz  Mhz
TRANSMITTER MEMORY RECEIVER
| Y

BUCY INSTRUME

PACKAGE

BUOY
DATA

GROUND
RECOVERY
STATION

Figure 3. - Buoy-sateliite-ground station communications concept.















160 l’

140 -

CAPE CHARLES

B
OCTOBER
“EPLGYMER

120 -
CHESAPEAKE LIGHT
m ]
L Wind vel, 20 hd il
v kis I 7 P J ,f X JIN /
80 - Y g1
. o] \ A )
'x\ 0 CHESAPEAKE LIGHT
0\ 32 } —— | £8-0
ind dir, 240 Fof L 50
Wl‘r;:gdl_r, ” : ]f . N 1 } T ) j
wr | ° 4 7 /- e M
; ! - 3 ]
Y, km .- T , Wind vel, T
- L] ] Cal ks 70 - r W‘; A
\ 40 0 a0 20 120 160 2 '\ ! |
20 \ - i f A\f Vi
. Elapsed time, hrs ol \f
: it 0 £8-01
0 \ T T T ;
; 320 :
! wind dir, i
; \\Wind vei,za ] ) \ teg 0 IL I
20> kts hat ;i N — 160 i
A H I
OREGT}NS\ 0 ! 3 “] ! et +_j i - 80} I
e OREGON IN(ET oL L1
-8~ | } | | -0 o o 8 10 160 200
! 320 I Elapsed time, hrs
i wind gir, 240 i T
- : i
-60 deg; 160 i { T
. B Sy ]
i / 0 1 _
_sol‘r ‘ -48 0 .4 8 120 80 200 -
~/ Elapsed ¥ime, hrs
| " GAPE HATTERAS v
-100 l -~ _./..1...& N | T | i S N RO R el I i 1
() o a0 50 80 106 120 . 140 160 180 200 240 260 280
X, km ‘

{al October -November Mission.

Figuré 5.- Deploymeni positions and histories of the wind speed and disection at ‘Chesapeake tighl, EB-01, and Qregon Indet. -



160 1 /
//
140 /
|
CAPE CHARLES
120 &
%HESAPEAKE LIGHT
100 b, DECEMBER 49 T }-
SO 3 :
L Wind vel, opl_o ML . ' "
ks 14N S B I i R
m L 10 7 - :\_/ i - . . L
0 :
CHESAPEAKE LIGHT
400 T ' SRR
60 !" 320 - J‘_"*. l =z !1" ' - EB:;OI
L Wing air, 2807 I~ AR ' 3 0 T ]
R RRT BS A- . L A AL SN »
a0 r ] K B A Pl op W
\ 80 : ‘ Wind vel, 20[-yr—to—r— et . 5
Y, km SN S S | N o8 SN I My ol - B )
\ 0~ 40 8 L0 K0 ®0 M W 3 BEDE l
0 -
E Elapsed time, hrs g EB-01
: 400 -+
! 40— T e T \ 30 - o
0 I L1 W'
P 30 " T wing dir B0 1 A =
wind vel, zp) . JOURE GO SN geg 150 AT 1)
ks - “ foh B 4 i
A 10 = - : B . @ ., : Il
P 4T A
; 0 ] OREGON INLLT ] @RI IR 0 A 20 280
40 - 1 Elapsed time, hrs
320} At ~1
Wind dir.;!?‘o = % - i O e ot
40 | g yep . . -
80 5 -t
y ‘ I e
0t R RS VR R R IR
Elapsed time, hrs
CAPE HATTERAS
-100 1 1 " R i L [ P SO 1 . AL L " I i
0 0 4 60 80 106 120 140 160 180 200 220 240 266 /0 M0 320 340
X. km ‘ ’

(8} December Missign,

Figure 5. -

Concluded,



oy

als!

November 1972

Buoy trajectories for October -

n

Figure 6



200

i [ N I i T TrTrTTT
i A n AR it i A
N N . : ! ! il L.xl_ T
T l i 4 ;
I 1 T 4
T ! H I
v 1 h i (1T
| 1 i T - I
] : ;
; o i e =2
1 i L i T v i 1 |
il N PRI ) Tl v 1 i 1 T
: R R R SN SR N HE et ”
: T RS i T ; i | T
T T 7 ] T 3 T 1 v
7 T 7 H | L
Sy i I aaL “ S 2
| I ¥ M T T oL —]
T i T -t i i T )
T LT A - L -
+ E ; L.k__ ; ; [N [ ! -
[ i Lid 3 R I - i Iy
I I iy T T T ,,_.g, 1 i
. ! 7 d i h R
Hﬁ kN Tm + T A T T :w .L,.L.; iy I ”_ M
) [ I e | T | L R
”Jlm“MT., H ! F il 1 i 1y T_ L | I ,,m
T . I T T g Iirarsn
§ [ T [N, it I i [ I
LI B Y i - Tﬂ s __ [ A A k.
[ T ? T T ¥
= 3 ] HH ; (I A R s M M N A,
; ] T T ] i CI v_ T P H ,,I“ !
;] T i i T N
- 1 4 | T ] T ot uiT;_ 1
[T ] ] 1 T : [ T v
A ¢ ] L ot o o i ey S VI e
T I [ ] f LN . Enininy T |5 | H . falhry
e T TR T i P 5 : HE} T H
1 t ~ i i A Bl AT T Hin R
I T __r ! :LLf et o e :
i o t - =t T ¥ i . T
e EemaE T . i N ] N K e s et e et
A SO M ! E L H .y A H e e St .
e dlm\rm< ||.__._ell. - . E I i S R —t ;ﬂjt.(_i]m
—t ; =5 b T : I g : j [ R s 4
T - ] T = I T AL SRt I S W
T + i 1] e & T = T IS il R
SEERa = e g e 5 B A i Ce e e B
'} : i i AR T -
} i [ v : Wm T T 1 T E " I- T IS M = LU S :
t E o IO E oy T I Nl A L B ENFRSAS M o — —
EiSaEae AR RS N = wy TTT M o ; 1 [T ] [ JARAE SRV
- i : e o ! =T T ; LI e oot B~ Tt i S e
i - P [ i T Ll | . et _.:*. f].iﬁl,'],,,!.,f;m
T P TIT T ! i G AP Lt
T P i i L R i P iy
3 T + T I FL ~=1
NS TN ENNLD Vs : ; L RSN S s S B
T T T 3 i =11 V- T -t T ] T -
T T T T LIl I : PR i FA%: [
BB +1 Y T3 T it FERAN 0 I RO ST
1 ] 1 : X i [ NI AN L -
: ; S i A S Mt s L e S i Y
T T T i T T 1t R T Py
: I AR SRR S VAR SRS I Bl
H : t ! - : i I e i s M 4 HALI R
ol y . - 1 i TS + i - T N Ai.l.l
i ,“_,.,. = = By, _‘.A.l ! ; ._,l .‘Trw(.J...._.l._
N I 1 '
e T NN T “—\_rn : " rr ! 4
L ™ T o L it i
e T ! T S s
I - - + i fr [P AT
P ] T N L]
Ty | ! i 1 i T 5*_ T !
,A,, Y T T T N T UV” __.,1,, T Aw”
fasaas O e ST S SEaen
(13 7 H T T M T L T SRS AN
St A i ] 1 [ i y T i )
suuin D ] i I i 5 i 1 I fear
L LT T _— f._,m UA } : &
- i [ 1 : i I
. e T [ I JTlul “" 1 :
H o hey j e T
[ 3 T “ T T J,.m T
I I = ) 1 H ] !
T P h P T Tt T ) I t:ﬁ_“ - ﬁ“...m i u,« :
_,H, Mt . = 1 L ! " + 5 +
[ttt T S T L1 [ ; C..__:sn.llﬂm B ERNA: 1 -
= =
L]
wy ‘abuey
- ] o |
= 2 g =
’
Bap ‘wynwizy
| S 1 1 |
=]
= = = =
L
o ‘oumjeradiya)
i F | |
o0 = Co=t S
— — —4 ~t

Jo ‘odneradua]

Elapsed time, hrs

{a} Buoy 1.
Figure 7.- Time hisiories of the temperature and position data,” Oct - Nov 1972,



I 0 LTI T ! TT ! m
B PN e pasasRERE s ERRR R R RSS! ERRSEERY AN
= H_l,.lm.ll__ i i LA )

HE2 ¢ s s 3 TS ,
T R @ iR 8 L i =
T8 HAS €4 TR i

o s e ST T L E H =
£ 5 e 3o L TR e
THESsw i EC e < NEREEREs

NN e : i 1]
it SAREEE P - T TH
g N “EELT i T L R

|- T ] = e
w ‘ ._
S " K b =]

I I L T ]
T - : - = —

; T
FIT : 1 - RSN a -
I T T T 0
1 q4 Sl I -+
A ] 1

! e A T T

= i =iml I | . e e
[ T

i mnn S i 1™
H 1 , Il L1l i
H } T !

4_ ‘,u\!‘; i T g
il i) il T

- Ly ::,11_41 ; _MM -+

) .Ai._m:alh_”_£1 F115 17 TN - ! 1
T -k =

+ ] T

; ] = t . IWLUTJ\.}..

EH il | I J.I,I\JI
T T 0 T

. : i+ 1 ! :

N ." " T "y =

7 b IR oy Ty T
i R i LT TTERE T ; =]
i L A TR T :
: =T = i ST
i T : 1 L
‘]JT.,J, I T L) ] IRREm
I RSN L , 1y [FS) i 7T
b ! R b Y L
T ) == g :
! : [ RN [ein [ T lm
O i T V._f Al +
) NE P
N (N ,r fu.‘., i ]
T H i : f ! :
r HH

: s i )
: T ] ©
i it e ) | .
- - N
H-- ; LR
- ) i i

! i rr

- g -}

: b

: _ =

i S I

h o

.

u L
i b :

; 3+ I .

r - JH\ T T

= T 7 i _LUM_Hr
1 G :
RN [ | | - T
; t 7 LIS ol N
! _4 1 e L N N
i : R
G e it
1+ ANENNES NN SR EN NN ¥ i i T T
ray = [
4
Wy ‘ebuey
£ i ‘uu.u i
=1 .
fap ‘yinuizy
' i | |
o =1
& = = =2

Do ‘BaMesadwa]

22

bo—h—t

p

Jo ' admbladitia)

Buoy 2.

()
Figure 7, - Concluded.

Elapsed time, hrs



oy /0,12!0411?
L

i

200

150

i T T IR R T R A S
L ol ! | . ' H . . ; i
; , . . N . ‘ _ AR ]
T yr ; e Eans e LL[!Iﬂ. T TTTETTIT T T T
L R : ﬁ | w T _ ! m _
Td}ju i e _ ' i i e H JURON U _ L. &
Sins S R T 7 ; " ! :

Th| T

-+
o3
.

X, km

T
[
JRS . S

32

28

20 24
X, km

16

12

Buoy 1,

(@)

Figure 8. - Buoy trajectories for December 1972,



2003119

LA D

1
;
;
!
1
5
|

o121418 ’

(0} Buoy 2.

Figure 8.~ Cantlnued, ‘



D et

gl

o

i
H
|

e’
| T2enz

G

N

£
e u.[:}

1

4

1
1
o T

P

£10

| 1

v
:

@L120000: |

R R BN

T
_.H',N

n{_H._

T

1201204 T

IR
[

v

q

€} Buoy 3.

Figure 8 - Continued.



: 12/1309

=

i

N N S,

12014113

L3

12114117

P

32

28

(d) Buoy 4.

Figure 8.

Concluded.



) — T * ™ T T T i I I W T I.HRI,,_EIF :
i L AR [ | [ | -1 [ : ] “
at a e L p— T Ldg N o e
] . ] ok o]
:M_ 1 T L MR M B i T i
A i T R R T I T A
T T NN i [ - . - 1
N e mna RIS R U T FRR B - I A ']
T - @ — PRI i S - T o
] ! v P A : I AL AT
T ; AJUH_ T . - T : NN AR =
. L I ! i ¥ L . I
TR B e T e e T T
,“,.M.m“_ — A —] M H Y Nuauw wiiﬂ.ﬂ_,_ i
T H! H ,".I.\,_Ll_. =17 | i T T H T i
el i L e e M R A i M e s = R S AEHEaNEREaE
Friab el e o N N i R o i C _
H ! ! T ; ) [= 4 : f 1
= o R ESEmARES ELy } ,__#‘.1<_ I RN F S
: * T e i L - — 4
_ﬂJLﬂ _,_ } _l___, “. : A,w mﬂ _L,I, gg “ =
T : P i ' ; !
SR ARl 1 T ] A, o : A
L L B | i T I T 1| i i T L I
- e ; AR R B T =
i ] t N ) T G 1
| [ N — 1 [][rJll
L L - : = -
o A BV - i pr—— AR m
T = S g, P
T 7 t . g R
[ Pl NN N L [
P H lurJ. il P [ .
o T R | L) 11
i T 7 N b i T
T 1 HE] T 1 ,f&.
: VR - =)
: =
&~
o E2Y1
2
—l

0

12

RUiLE;

i al
5“ .

L

[,

Ut | it

P L

160+

120}~

14~

o (=]
— -t

0 ‘admedadwal

5L

bap

8
‘Uinwzy

40 -

2
wy ‘abuey

g

=

0 Mi

Elapsed time, hrs

@) Buoy 1.

Figure 9.- Time histories of the position and temperature data, Dec. 1972,



=T T b i T . s
e EEmEn NN B g, N R N :
s - i I T TT
FS N L4 : T i % :
: N S N L I i
JESRTINE W I A A B i L >
Een i o
SV B . @» ﬂ i : ! T gjfjj[r - i -
B T -
TS Y E e :
[ o @ T ; BEERE I
T e CE T -3 + o
T @ E) = lw 3 H .
ool ] : T
ey E - E
= N R i -
R TITN 1 -
S o E R -
- e H . T F -
T = H - ; it
S A N I 3
L e —
- I4|‘|.Jlr i
o ol :
! o T - T
P e P e :
NN 11 i .t (T [
+ o0 T 5 . T g T
IO =1 i 1 - ‘J.IHIHI,)
N _ w 1 1“ 7 : I W 7
] T H T H ;
A O L0 3 A A o
S R LT R = A ] HNAN O A
ol CE T Y 0 T T e T
| ! PR [ T T T P
) ] i T T T )] T
: . 3 i i I
+ P
-y
T
: o
e M

120 £
80 B
40

ury ‘abuey

}

2
bap “yinwizy

ol

40L.

160
1201

14~

sl

9, ‘aimjeiadwal

ST .,
M S, .
S B -
T

I i e
H ]
oy S

? i

Ll L : o ed

T ] : ~]

15T i -

o [ :

LA O R T m

AShERES _

3 ; i _
) - H
1 : £

H = _

. T e
Fi i 7 el
T - | T

- i - NS
i H i 10 i ! L ] I
: O i I ) T —
by T T ) T TFW‘,JQ.&LJI.L.&” il [}
i : EI O S PR ; I
It ENENEENE Bear Lt v H X
= =]
=]
—

200 240 280 320 360 400
Elapsed time, hrs

160

120

(b} Buoy 2.
Figure 9, - Continued,



b

L :H
il
- -1 = L
2l
o
i
80

[T 11 v [ L | T I ! T T 1_.|T H
i T T RN T i T R T T H R i
e e o mEN I A . A I A e R 1 T ;
T (I T | T H T B '
PRt B = R f T i = o e =
P A I S AN P11 T (20 I A 1 A N 0 B | T LRt 3
AN RN I L L A N O 6 A A Y ‘ RERRAN A — &
NI SR N e I o i A A e H e : AR AR -
I =t o s o I I A I Wi AR RS @
- = T b L T _AT ! T T A A N T L ..L%
H = @ H I H i g | N I 1 l i £ . : 1 i |
BB ST S e HE - mEeR R
Hi & 2+ i =§ E T N N i B N =]
o = [ ] - _ T T T I T Tt 1y
_I‘m_kJﬁ;ll i i~ ] 1T ; T - : T T T ; “ n
P &2 T == < m ; T HA i ; o T 7
aahanlii - 1 = N e : . : &
LR [ wavs o P Wi T _ = t o
A A g YA i ! SEMEE N AN AN
EE s S e PRACE 4 M ESsactarnsEeNAEE!
i S AR i B e B AL I W0 : - ol i
R e T, B AT s ¥ i : : i1
Her - o _ : % e
i =2 S—— o — . 7 1 4l s =4
whﬂl.l.r\ —L ..Irbr.. — T ! 1 __. ‘ ,ﬁ” ™~
Y M N v F __ T
b= P S e m
: [ T 1] i1 I
HR ] DL - T 1 T
I~ : T O IO 0 B
IR A A AT SRl I TSI L TN RN I
e ; H Jr‘(%?_ ] —t m
a : v &~
=
|
“H 2
T <
t -
R o
1 - [N}
i —
T :
T
i 2 L
i} ! :
) ; : B
i ! - s
iLlllulrl = 1

PR ISR
rrr

wy ‘sbuey

{ | | 1 ]
(=] o] L]
3 & = €
Bop “unuyzy
L } H
o 2 %

14

Jo ‘ainjetadag

(c) Buoy 3.

Elapsed time, hrs
Figure 9.- Cantinued.



© 360

320

0

!

2

240

Elapsed time, hrs
(dr Buoy 4,

160

Figure 9.- Conciuded.

120

T T IR oo L A A L T 1T -
T e s T 1 T [ N i mfm M. i ) »
Jm TP 1(1; ] T 1" :ﬁ T TT _.,W _J T ,, UH
T FFL T t ! 7 L A R A
i “. |1 T N 1 i - T - : _\_7 -
) T . | - s
RN Fe P T Huu -
- 1 H By I ! B i) I T
T 1 T )
- ® T _ e
T .l + - -
- = T : L — T
e 2 o renTy : N
B R S N R RS RN
T H T W;m ,._ o q 1 T . Y #
] : T (1= I . o T 7
T E e BT aaRsEas L
Al o el : T N TT y T T
™ MT(WT - = - 1 T
[ : T AT T T a_L_ I
RN I 1T 1 1 Tt AL IR A LI OO AN -
e L 1 T “1:_, yl. mgk , lad
T T ] =
B eieeie B e
iy L T [N ! 1 ] P -l
| o= -l SN i i LA
HMT i T _ f o __L H )
,.. I T T [ 1
Ho e PRI ST A
Hr_l__.r}l NN 1 B ! T I NI
RN 1 i T P ) i I .
33 B il I | L4 ] el
1= (RN 8! P T2 L 1 i
RN i | Y o 1 | [
] TTT [ T T 11
EEe SESEenssuns SSSEEEaal A =
Hl T = it i T + 4
] T : [ -
s oo TR e :
i T T [ A ] A »
) 7T i ! T
[N T T T “
I T
T | 1 L i B
/ . - : ” T
- g5 : i
[l 1 1
T
N ]
N f T
T ; -
_ :
- T
e Ean
I
o k
e ] ;
- f
RRRAE ,
RE
il A
W ] D
iR T L
W I Yol
-+ R 1]
o ] =
- !
4 T L
- ,,
BRI »
r.+L -
SN
il
[l |
: e
N
pala :
“,\” t i ._Fl
T o ,
DO ) I
fame T ! 5
Eaaans Ll L

©wy ‘abuey

[] 1 L i |
g 5 ® < ©
Bop ‘yinuizy
A 1 i i
= o ) =

Yo ‘dinjesadual



, deg
{a) Buoy L

¥

24

20

16

_ "
Jr, deg

8

b} Buoy 2.

T .
L i :
o | B
RS MR = g :
T
o . i )
Soll s M Te S S
[ .. R
€ w X \ T
nl,rt,u.ll:im‘lq_r Trl i
sy [y :
i " PR .
ge

24

20

16

w, deq

{c) Buoy 3.

21

w, deg

{d} Buay 6.

Errors in Buoy locations as a function of ground track distance.

Figure 10,



o~
nou

[=)

=

2]

Buoy 1
x =
y =
PE

I T,

DR OUUA KR S
o
H i

-4

Ax, km

ay, km

8%, km

4%, km

Figure 11.- Systematic and random errors associated with the position data.





